Acute disseminated encephalomyelitis (ADEM) is an uncommon monophasic idiopathic inflammatory demyelinating disease. Available diagnostic criteria do not reliably distinguish it from first presentations of relapsing diseases such as multiple sclerosis (MS) and neuromyelitis optica (NMO). In this article, we review current concepts about ADEM and what distinguishes it from other idiopathic inflammatory demyelinating disease, and we highlight controversial aspects and diagnostic problems. We review pathological differences between ADEM and MS in terms of their utility in the diagnosis of ADEM. Finally, we present a practical approach for management of patients suspected of having ADEM when the diagnosis is uncertain.
Acute disseminated encephalomyelitis (ADEM)
is traditionally considered a monophasic inflammatory demyelinating disorder with pleiotropic clinical manifestations, which usually include encephalopathy, but variably include other focal or multifocal syndromes suggestive of a central nervous system (CNS) inflammatory demyelinating disorder, including optic neuritis (ON) and myelitis. Consequently, ADEM is often considered in the differential diagnosis of a clinically isolated (demyelinating) syndrome (CIS). However, most CISs, especially in adults, are harbingers of multiple sclerosis and, therefore, of future relapses. The hallmark of ADEM is its monophasic course. Therefore, most physicians treat ADEM with short-term treatments rather than long-term disease-modifying therapies. However, early and accurate distinction between ADEM and other inflammatory demyelinating disorders, especially multiple sclerosis (MS) and neuromyelitis optica (NMO), is important for prognosis and treatment because many patients with MS or NMO, particularly those with aggressive fulminant disease, may benefit from early disease-modifying therapy to suppress ongoing and future relapses.
Recent retrospective and prospective series suggest clinical, neuroimaging, and laboratory characteristics of ADEM that may be helpful in distinguishing ADEM from MS. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Collectively, this literature suggests ADEM should be considered when one or more of the following are present: multifocal, polysymptomatic initial presentation; age younger than 10 years; signs and symptoms of meningoencephalitis; encephalopathy; bilateral ON; cerebrospinal fluid (CSF) pleocytosis without oligoclonal bands; magnetic resonance imaging (MRI)-detected lesions involving structures not typically affected in MS such as the deep gray matter or cortex; and MRI-detected lesions that are large and exhibit indistinct borders and enhancement following gadolinium administration.
This review focuses on the clinical, laboratory, and neuroimaging characteristics, which are proposed by recent series to be helpful in distinguishing ADEM from other monophasic inflammatory demyelinating disorders. However, we emphasize that these proposed features of ADEM are mostly based on retrospective diagnoses from patients fulfilling arbitrary and nonstandardized criteria for ADEM. Therefore, the diagnostic utility of these clinical characteristics remains unclear in the absence of a prospective validation study using a clinical or clinicopathological gold standard. Because ADEM has been variably defined, some recent series have further blurred the distinction between ADEM and MS by proposing an expanded spectrum of ADEM that includes multiphasic or recurrent forms. 1, 3, 10, 12, 16, 17 We consider pathological differences between ADEM and MS and whether they might serve as a gold standard to distinguish ADEM from other inflammatory demyelinating disorders and inform the debate on how to define ADEM.
CLINICAL DEFINITIONS OF ACUTE DISSEMINATED ENCEPHALOMYELITIS
There are no accepted, prospective, or pathologically verified clinical diagnostic criteria for ADEM. Early retrospective studies suffered from broad inclusion criteria, which almost certainly included cases of probable first presentations of MS 2, 6, 8, [10] [11] [12] [18] [19] [20] and NMO. 3, [10] [11] [12] Building on clinicopathological and retrospective studies of ADEM, Mikaeloff et al have applied the most restricted definition of ADEM to date in a prospective study of children:
The occurrence in a previously healthy child of acute symptoms associating the following at onset: more than one neurological deficit (''polysymptomatic'' onset); change in mental state; and any combination of alterations seen on MRI, providing that these included white matter lesions. 20 Although the Mikaeloff et al criteria predicted a monophasic course in most patients over a mean duration of follow-up of 5.5 þ/À 3.6 years, 18% of patients still went on to have a relapse at a different CNS site than the first attack and appeared to have a clinical course consistent with MS. 20 Mikaeloff et al suggested a diagnosis of MS in patients with recurrence, but others have concluded that such cases provide evidence that ADEM can relapse or recur, a controversy that will be discussed in more detail below. 1, 6, 8, 10, 12, 21 Pathological data are absent from all large series of clinically diagnosed ADEM.
The first set of consensus diagnostic criteria for ADEM were recently proposed by the International Pediatric MS Study Group (IPMSSG), a group of adult and pediatric neurologists and experts in genetics, epidemiology, neuropsychology, nursing, and immunology organized by the National Multiple Sclerosis Society. 22, 23 These criteria are similar to those used by Mikaeloff et al and are outlined in Table 1 . The IPMSSG does not propose these criteria as final and emphasizes the need for prospective validation over the next 10 to 20 years. These consensus criteria were developed for children (< 10 years). It is unclear whether any clinical diagnostic criteria for ADEM should be different in adult patients. Although these criteria are conservative by requiring encephalopathy, the most specific clinical feature that distinguishes ADEM from MS, they should be used with caution in clinical practice and have not yet been reliably proven to distinguish between either fulminant MS or other inflammatory demyelinating disorders or between ADEM and other acute leukoencephalopathies of other etiology.
PATHOLOGICAL DEFINITIONS
The pathological hallmark of ADEM is perivenular inflammation with limited ''sleeves of demyelination.'' [24] [25] [26] [27] [28] In some cases, larger areas of demyelination occur secondary to coalescence of many perivenous demyelinating lesions. [26] [27] [28] [29] Although perivascular inflammation is also a feature of MS pathology, the patterns of demyelination in ADEM stand in contrast to the confluent sheets of macrophage infiltration admixed with reactive astrocytes in completely demyelinated regions that are typical of an MS plaque. 30 Acute hemorrhagic leukoencephalitis (AHLE) is pathologically similar to ADEM but additionally exhibits petechial hemorrhage and venular necrosis. 24 The pathology of ADEM is very similar to the monophasic experimental autoimmune encephalomyelitis (EAE) animal model of acute monophasic inflammatory demyelination. 24, 25, 30 A complete description of the pathology of ADEM and other idiopathic inflammatory demyelinating disorders is beyond the scope of this review and is reviewed elsewhere. 24, 25, 27, 30, 31 The pathological difference between perivenous and confluent demyelination suggests that brain histopathology is a possible diagnostic gold standard and may be clinically useful for distinguishing ADEM from MS and other idiopathic inflammatory demyelinating disorders. However, the true utility of brain biopsy in distinguishing ADEM from MS and other idiopathic inflammatory demyelinating disorders has not yet been examined. The clinical characteristics of a large cohort of patients with biopsy-proven confluent demyelinating disease (excluding patients with perivenous demyelination) were found to be similar to a population-based MS cohort. 32 It is unknown whether a perivenous pattern of demyelination predicts a monophasic course or whether the presence of confluent demyelination predicts future relapse or progression. The significance of these patterns of demyelination will be clarified as expert neuropathological examination with attention to these patterns of demyelination is combined with prolonged prospective clinical and neuroimaging follow-up over 10 to 20 years, as proposed by the IPMSSG. So far, only rare case reports have clearly described the clinical and neuroimaging correlations in patients with perivenous demyelination since the last large clinicopathological series published in 1975. 6, 10, [33] [34] [35] [36] [37] Importantly, all of these cases were monophasic, most were fatal, 6, 33, 35, 36 and one case presented with a focal brainstem syndrome. 34 
ANTECEDENT INFECTION AND VACCINATION
Evidence of an infectious etiology associated with ADEM is supported by winter and spring seasonal peaks in presentation observed in some studies. 8, 10 Infection may trigger the subsequent autoimmune attack on the CNS, possibly via ''molecular mimicry.'' 38 Numerous infections, mostly viral, and other immunological triggers, such as vaccinations, have been associated with ADEM and are listed elsewhere. [39] [40] [41] Although ADEM is often associated with recent vaccination or infection, the occurrence of these events has not been included in the definition of ADEM in most studies, including the new consensus clinical criteria. [1] [2] [3] 6, 8, 11, 19, 22, 42, 43 Only four series described patients with a clear antecedent history of infection or vaccination. 5, 9, 12, 14 The term ADEM in this article includes cases with and without a clear antecedent history of infection or vaccination. This definition is consistent with currently proposed clinical criteria, 1, 20, 22 and assumes that there is a unique immune-mediated CNS process with a distinct pathophysiology that is independent of the immune trigger, which is often not apparent in the clinical history, even when present. Omitting the presence of a preexisting infection or vaccination from the criteria for ADEM is supported by the significant proportion of likely ADEM patients evaluated prospectively, 1, 20, 42 retrospectively, 2, 3, 6, 10, 11, 19 and pathologically 24, 26, 27, [33] [34] [35] [36] 44 who do not have a prior history of infection or vaccination. A history of antecedent infection or vaccination may increase the Behavioral change occurs, e.g., confusion, excessive irritability.
Alteration in consciousness occurs, e.g., lethargy, coma. Event should be followed by improvement, clinically, on MRI, or both, but there may be residual deficits.
Patient has no history of a clinical episode with features of a prior demyelinating event.
No other etiologies can explain the event.
New or fluctuating symptoms, signs, or MRI findings occurring within 3 months of the inciting ADEM event are considered part of the acute event.
Neuroimaging shows focal or multifocal lesion(s), predominantly involving white matter, without radiologic evidence of previous destructive white matter changes.
Brain MRI, with FLAIR or T2-weighted images, reveals large (> 1 to 2 cm) lesions that are multifocal, hyperintense, and located in the supratentorial or infratentorial white matter regions; gray matter, especially basal ganglia and thalamus, is frequently involved.
In rare cases, brain MR images show a large single lesion (1 to 2 cm), predominantly affecting white matter.
Spinal cord MRI may show confluent intramedullary lesion(s) with variable enhancement, in addition to abnormal brain MRI findings specified previously.
Recurrent ADEM
New event of ADEM occurs with recurrence of the initial symptoms and signs 3 or more months after the first ADEM event without involvement of new clinical areas by history, examination, or neuroimaging.
Event does not occur while on steroids and occurs at least 1 month after completing therapy.
MRI shows no new lesions; original lesions may have enlarged.
No better explanation exists. Multiphasic ADEM ADEM is followed by a new clinical event also meeting criteria for ADEM, but involving new anatomic areas of the CNS as confirmed by history, neurologic examination, and neuroimaging.
The subsequent event must occur (1) at least 3 months after the onset of the initial ADEM event and (2) at least 1 month after completing steroid therapy.
The subsequent event must include a polysymptomatic presentation, including encephalopathy, with neurologic symptoms or signs that differ from the initial event (mental status changes may not differ from the initial event).
likelihood of ADEM, but also occurs with greater frequency in patients with first presentation of MS. 45, 46 Therefore, a strict requirement of an antecedent infection or vaccination is neither specific nor sensitive for ADEM.
YOUNGER AGE AT PRESENTATION
ADEM is more frequent in children. In one study of children with ADEM living in San Diego County, California, the incidence was estimated to be at least 0.4/100,000/y. 6 The incidence of ADEM in adult patients has not been evaluated. Pediatric patients meeting Mikaeloff et al criteria for ADEM presented at a mean age of 7.1 years versus a mean of 12.0 years for MS. 42 Five percent of MS patients present at an age younger than 16 years, but MS patients have been reported to present as young as 1 year of age. 47 However, as the spectrum of pediatric MS has expanded, some evidence suggests that an ''ADEM-like'' presentation in pediatric MS may be underrecognized. 48 Although patients presenting with demyelinating disease before age 10 years may be more likely to have ADEM than MS, 15, 42 considerable overlap in age of presentation limits the utility of using age as a discriminating factor. 15 
SIGNS AND SYMPTOMS OF MENINGOENCEPHALITIS
Many cases of fatal ADEM have evidence of lymphocytic meningitis on histopathologic examination. 24, 25 When compared with patients who are eventually diagnosed with MS, several clinical symptoms of meningoencephalitis are consistently associated with ADEM, including encephalopathy, seizures, fever, headache, and meningeal signs. 2, 10 These findings, however, are only present in some ADEM patients (Table 1) . This presentation may be more frequent in pediatric MS exacerbations 48 but are likely less common in adults. 2 Encephalopathy has been emphasized as a key distinguishing characteristic of ADEM in children. 20, 22, 23, 42 This is best supported by fatal cases with pathological confirmation of perivenous demyelination characteristic of ADEM, which were documented to have early changes in mental status and decline in level of consciousness over days in all cases (albeit severe fatal cases). 24, 25, 28 ''Encephalopathy'' as currently applied 20, 22 is not precisely defined and may be confounded by postictal state or focal demyelinating lesions that may cause aphasia, frontal behavioral syndromes, or parietal-occipital visual spatial syndromes, which may be confused with a diffuse encephalopathy. In cases of apparent ADEM with encephalopathy, the possibility of unidentified infectious encephalitis remains possible in some cases, especially from retrospective series, which did not apply a standardized broad infectious workup to each patient. 2, 10, 11, 49 Most would agree that a meningoencephalitic presentation is atypical of MS and raises the clinical suspicion of ADEM. If encephalopathy is excluded, then meningoencephalitis symptoms may have merit in diagnostic criteria for ADEM, but the sensitivity may be low. The specificity of encephalopathy is likely dependent on how precisely it is defined. A change in level of arousal or consciousness may be a more specific definition that more readily discriminates ADEM from even atypical presentations of MS.
BILATERAL OPTIC NEURITIS: ADEM OR NMO?
Dale et al found that 23% of 40 patients diagnosed with ADEM presented with bilateral ON. Conversely, in the same study, unilateral ON was only present in patients eventually reclassified as MS, none of whom had bilateral ON. 10 Although infrequently present, the occurrence of bilateral rather than unilateral ON was felt to potentially distinguish ADEM from MS; this robust difference was not reproduced in later studies using diagnostic criteria, which were even more restrictive (Table 2 ). Bilateral ON is uncommon in MS, but is a well-recognized manifestation of NMO. Cases of NMO may contaminate some ADEM series. 1, [9] [10] [11] [12] 21 Although early diagnostic criteria for NMO suggested that the brain MRI be relatively free of white matter lesions, recent publications provide evidence of a broader spectrum, including lesions consistent with ADEM and MS. 50 Patients with NMO have antibodies to the aquaporin-4 water channel, a recently identified novel biomarker that may be pathogenic. 51 NMO-immunoglobulin (Ig)G is positive in as many as 76% of cases of clinical NMO, but is not an absolute criterion for diagnosis. [51] [52] [53] Early treatment of NMO may reduce the risk of severe disabling relapses. 52, 54 NMO-IgG serological testing became available only recently and has not been evaluated in the ADEM series published to date. Bilateral ON is likely less specific for ADEM than originally suggested by Dale et al 10 and exemplifies potential confusion of ADEM with NMO, which are likely pathophysiologically different. Future studies of ADEM should include NMO-IgG testing in all clinically possible cases (ON, myelitis alone, or a combination of the two).
POLYSYMPTOMATIC, MULTIFOCAL INITIAL PRESENTATION
Recent studies of ADEM only included patients with polysymptomatic presentations, excluding patients with monosymptomatic ON, transverse myelitis, brainstem encephalitis, or cerebellitis.
1,2,6,9,10,42 However, some have argued that many monosymptomatic patients have a monophasic course and therefore should be considered to have limited forms of ADEM. 11, 12 Complicating Table 2 Clinically Defined Series of Acute Disseminated Encephalomyelitis (n Inclusion criteria: All required first acute or subacute idiopathic CNS syndrome (required Note: Clinical, laboratory, and neuroimaging data reported only for patients diagnosed with ADEM at last follow-up. ADEM, acute disseminated encephalomyelitis; CNS, central nervous system; MRI, magnetic resonance imaging; nr, not reported or unclear; MS, multiple sclerosis.
ACUTE DISSEMINATED ENCEPHALOMYELITIS/YOUNG ET AL
matters, patients with monosymptomatic presentations but with multifocal MRI abnormalities have a higher risk of subsequent diagnosis of MS than those who do not. In a recent retrospective study of 296 patients with a first attack of otherwise idiopathic demyelinating disease, Mikaeloff et al required a polysymptomatic presentation with mental status change, multifocal MRI abnormalities, and a monophasic course over a mean of 2.9 years for the final diagnosis of ADEM. 42 A polysymptomatic presentation was not specific for ADEM, and occurred in 67% of 168 patients with MS in the same series. ADEM is pathologically diffuse and multifocal. 24, 25, 28 A polysymptomatic presentation may be a marker of the diffuse underlying pathology of ADEM, but is nonspecific. In patients with a monosymptomatic presentation, multifocal MRI abnormalities may be surrogate markers of a multifocal process in patients with a first presentation of an idiopathic inflammatory demyelinating disorder. If the hallmark of ADEM pathology is perivenous demyelination, then brain biopsy of focal monosymptomatic lesions may help resolve the question of whether these cases should be included in the ADEM spectrum. Only two well-documented cases of perivenous demyelination limited to the brainstem are reported in the literature. 55, 56 We are not aware of any reports of focal supratentorial lesions with well-documented perivenous pathology. On the contrary, most cases of focal supratentorial demyelination reveal confluent demyelination, which is pathologically more consistent with MS pathology, although some have argued these may be intermediate lesions along an ADEM-to-MS spectrum. 57 
ASSOCIATED POLYRADICULOPATHY
A recent series of adult patients presenting with a CNS syndrome after infection or vaccination were prospectively followed over a minimum of 2 years; 43% of the 75 patients included were found to have peripheral nervous system (PNS) involvement, which was usually demyelinating and subclinical. This finding was likely due to the use of broad inclusion criteria (Table 2) and because all patients underwent extensive prospective neurophysiologic testing. ADEM was only rarely reported to be associated with PNS involvement before this study. [58] [59] [60] [61] Notably, the diagnosis was based on less specific criteria than other recent studies of ADEM. Also, autopsy series 24, 26, 27 and the clinically defined series of ADEM do not report evidence of PNS pathology. Further study is needed to determine if PNS involvement is part of the ADEM spectrum.
SPINAL FLUID PLEOCYTOSIS WITHOUT OLIGOCLONAL BANDS
Before diagnosing ADEM, infection must be excluded by CSF analysis and culture. The CSF may be normal in ADEM or reveal a lymphocytic pleocytosis (Table 2) , in contrast to cases of MS, which rarely have a pleocytosis. Detection of oligoclonal bands (OCBs) may be helpful in predicting a subsequent diagnosis of MS, but the true utility is unknown because as many as 58% of adult 2 and 29% of pediatric 10 cases with ADEM have OCBs. Anecdotally, the bands should resolve in ADEM but are more likely to persist in MS. 1, 47 This was true in a series of nine ADEM patients who initially had OCBs, which resolved when analysis was repeated 6 days to 6 months later. 12 The presence of OCBs on initial presentation is not specific for MS; however, if OCBs persist, then a diagnosis of MS is more likely.
11
MAGNETIC RESONANCE IMAGING Although MRI neuroimaging is useful for the diagnosis of ADEM and exclusion of other diagnoses, the consensus ADEM criteria emphasize clinical criteria and underplay the role of MRI to establish a diagnosis. In clinically defined cases of ADEM, the MRI will often demonstrate multifocal areas of increased T2-weighted (T2W) signal abnormalities in the CNS white matter, with or without gray matter involvement. Some authors have proposed that ADEM lesions are indistinct and lack sharply defined borders characteristic of MS lesions. 4, 10 Although ADEM lesions (of similar age) should all hypothetically enhance with gadolinium, this finding is rarely seen, and gadolinium enhancement may even be absent. 2, 4, 8, 10, 12, 62, 63 Early MRI series identified overlap in lesion location and distribution between ADEM and MS, but also highlighted features of ADEM that are unusual in MS, such as symmetric bilateral disease, relative sparing of the periventricular white matter, or deep gray matter involvement. 64 Absolute and relative periventricular sparing on MRI is typical of ADEM, and was present in 78% of patients with ADEM reported by Dale et al. However, 22% of ADEM patients had a periventricular lesion pattern indistinguishable from that seen in MS. 10 Mikaeloff et al prospectively found that corpus callosum long axis lesions (Dawson's fingers), together with the finding of only well-defined lesions, were completely specific predictors of relapse and, accordingly, of MS over a mean of 4.9 years. However, only 21% of patients presenting with a first episode of demyelination had this finding. This study highlights the difficulty of using the initial MRI in identifying patients with increased risk of relapsing disease (MS), or those with a truly monophasic process. 4 In contrast with other studies, lesions of the thalamus and basal ganglia were not significantly different between ADEM or MS patients in this study.
Even when the MRI seems typical of either ADEM or MS, the findings remain relatively nonspecific, and a broad differential diagnosis of potential mimics of idiopathic inflammatory demyelinating disorders must be carefully considered. 65 MRI criteria may be most helpful in combination with clinical criteria in verifying a multifocal demyelinating process or suggesting an alternative pathology. Although the possibility of MRI-negative ADEM has been proposed, 5, 9, 10, 66 it remains unclear whether an unidentified cause of encephalopathy other than ADEM may have been present in such cases. The recently published consensus criteria require an abnormal MRI and require that lesions should be larger than 1 to 2 cm to be compatible with ADEM. The current consensus criteria for ADEM suggest that rarely a large focal lesion may be compatible with ADEM, 22 even though some may regard this as a tumefactive presentation of MS. This question should be easily resolved by clearly documenting the pathology (perivenous or confluent demyelinating) in cases in which brain biopsy may have been performed to exclude neoplasm, and correlating the pattern of demyelination with clinical course.
ADVANCED NEUROIMAGING TECHNIQUES
Advanced neuroimaging techniques, such as diffusion tensor imaging (DTI) and magnetic transfer imaging (MTI), may provide a better assessment of the underlying histopathology than an increase in T2W signal on conventional MRI. A small study using DTI found a significant difference in basal ganglia DTI signal between ADEM and MS, even when there was no difference in basal ganglia T2W signal between groups. 67 Magnetization transfer and diffusion tensor MR imaging may also be helpful in identifying involvement of the so-called ''normal-appearing white matter,'' which is often abnormal in MS but may not be in ADEM. 68 Quantitative MRI techniques have also suggested that progressive ventricular enlargement and gray matter atrophy are potential markers for MS in patients presenting with clinically isolated syndromes. 69, 70 Advanced neuroimaging techniques should be studied further as this is a promising avenue for noninvasively approximating the underlying tissue pathology.
MULTIPHASIC AND RECURRENT ADEM
The monophasic clinical hallmark of ADEM is challenged by cases of recurrent ADEM, reported mainly in isolated case reports without pathological confirmation. A single case series of presumed recurrent ADEM at the previously affected brain site with accompanying pathology has been reported. 16 This series has been cited as evidence of the existence of recurrent ADEM. However, the description of pathology in this series was limited to ''diffuse demyelination'' and one published photomicrograph demonstrating confluent demyelination was consistent with classic MS pathology. This diagnosis of recurrent ADEM was based on clinical presentation rather than characteristic perivenular ADEM pathology. The lack of pathological evidence is a common limitation of many clinicopathologic series of ADEM.
Even in the two large prospective studies of children with the most restrictive clinical criteria for ADEM, between 10% and 18% of patients subsequently had relapses. 1, 20 The Tenembaum et al cohort 1 was systematically evaluated to rule out infection or other causes of a similar syndrome. Serial neuroimaging was performed at presentation, and follow-up examinations were performed over a mean of 6.6 years. This study identified 76 monophasic patients with a clinically and radiographically monophasic course, implying a separate pathophysiology than typical cases of MS. However, 10% of their 84 patients had one relapse at a previously unaffected site with a mean inter-attack interval of 2.9 years (range 2 months to 8 years) and subsequently remained relapse free for a mean of 8.2 years. After the relapse, these patients did not develop new subclinical lesions on yearly prospective repeat MRI scans. All were OCB negative. None of those with recurrences had biopsy verification of ADEM pathology. Based on these observations, the authors proposed a ''biphasic'' form of ADEM.
1 A similar group of relapsing patients are described in the Mikaeloff cohort 20 (18% of 132 patients); however, Mikaeloff et al diagnosed MS rather than ADEM in this circumstance. Interestingly, in the Tenembaum cohort, brain biopsy was reported from four patients with a monophasic course, the findings of which were more typical of confluent MS pathology.
The recent consensus criteria for ADEM attempt to clarify the terminology used to describe cases of possible ADEM that are not monophasic. A case is ''recurrent'' if a subsequent attack is stereotypical of the first attack and there is no evidence of involvement of a different part of the CNS clinically or by MRI. A case is ''multiphasic'' if evidence is found of new symptoms or of involvement of a different part of the CNS than that of the initial attack ( Table 1) . The terms ''relapsing'' and ''biphasic'' ADEM have been appropriately discarded by the consensus group. 22 
MONOPHASIC UNTIL PROVED OTHERWISE
We propose that ADEM be defined as a strictly monophasic disease until more definitive data prove otherwise. The duration of follow-up required to verify a monophasic course is uncertain. Follow-up as long as 10 years may be needed, as the longest duration until first relapse was 8 years in the Tenembaum study 1, 10 and a mean of 5.4 þ/À 3.3 years in the Mikaeloff study. 20 Attacks occurring within 3 months of an initial attack or during a steroid taper are not considered new attacks based on the consensus clinical criteria. The long-term prospective follow-up of patients diagnosed with ADEM by the IPMSSG will provide important natural history data on ADEM and its potential relationship with MS.
RECOMMENDATIONS FOR CLINICIANS
Although there is progress in defining ADEM, reliable clinical diagnostic criteria are still not established. Even the most restrictive criteria for ADEM do not reliably predict a monophasic course in patients presenting with first attacks of an idiopathic inflammatory demyelinating disorder. Recognizing the clinical and neuroimaging characteristics of encephalopathy-polysymptomatic presentation; MRI lesions that are large, multifocal, and involving deep gray matter and cortex; CSF pleocytosis without OCBs-also requires that other mimickers of inflammatory demyelinating disease and also first presentations of MS be considered in addition to ADEM. NMO should also be considered in patients with prominent myelitis or ON, particularly if they are NMO-IgG positive. Once an infectious etiology has been reasonably excluded, intravenous methylprednisolone, 30 mg/kg/d in children and doses up to 1000 mg daily in adults for 3 to 5 days, is the most common treatment approach in practice, based on anecdotal evidence from case reports and clinical series. 71 Intravenous immunoglobulin (IVIg) may be an effective alternative.
72,73 A brain biopsy is indicated in some patients when the diagnosis is uncertain and clinical or imaging features suggest alternative diagnoses (e.g., neoplasm). Interpretation of brain biopsy by an expert neuropathologist is essential. Clinicians should avoid the potential pitfall of diagnosing ADEM simply because there are atypical clinical features of MS, and therefore assume a benign monophasic course. Close follow-up with serial examination and MRI within the first 3 months is recommended, as new subclinical lesions may develop on MRI and suggest the diagnosis of MS. A yearly clinical follow-up, often with repeat neuroimaging to look for evidence of new subclinical lesions, is a possible surveillance strategy for patients with an unclear idiopathic inflammatory demyelinating disorder clinical phenotype in whom initiation of immunomodulatory therapy may eventually be indicated.
FUTURE DIRECTIONS
Multiple clinical factors should be considered in combination before arriving at a probable diagnosis of ADEM including: (1) presenting signs and symptoms, (2) conventional and advanced MRI abnormalities, (3) sufficient follow-up (perhaps as long as 10 years) confirming a monophasic course based on clinical and/or neuroimaging criteria, (4) lack of alternative diagnosis, and (5) brain histopathology when available. The IPMSSG has outlined a plan to prospectively study specific clinical diagnostic criteria in children. 22 Although these criteria will likely evolve with time, an agreement on terminology and suggestive clinical criteria is an important step forward. It is unclear whether ADEM presents differently in adults than children (as presentations of MS may be different), because specific criteria such as those proposed by Mikaeloff and the IPMSSG have not been tested in adult populations. Although brain biopsy is uncommonly performed in most clinical practices, well-described clinicopathological cases distinguishing between limited perivenous and confluent demyelination may help support pathology as a gold standard, verify cases, and refine future clinical diagnostic criteria for ADEM.
